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Interfacial Structures

60 m

10nm iron oxide nanoparticle film during 
compression on liquid surface

How do individual particle 
dynamics affect the film structure?
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Interparticle Dynamics

𝑔2 Δ𝑡 =
𝐼 𝑡 𝐼(𝑡 + Δ𝑡) 𝑡

𝐼(𝑡) 𝑡
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Jamming Transition

Williams, G., & Watts, D.C. (1970). Transactions of the Faraday Society, 66
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(Brownian)

Compressed Exponential
(Jammed State)

Cipelletti, L., et al (2003). Faraday Discussions, 123, 237–251
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Jamming Transition

Williams, G., & Watts, D.C. (1970). Transactions of the Faraday Society, 66
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Single Exponential
(Brownian)

Compressed Exponential
(Jammed State)

Stretched Exponent 
(Caged Dynamics)

Compressed Exponent 
(Collective Dynamics)

Cipelletti, L., et al (2003). Faraday Discussions, 123, 237–251



Recurrence of Compressed 
Exponential

Cipelletti, L., et. al. (2003). Universal non-diffusive slow dynamics in aging soft matter. Faraday Discussions, 123, 237–251. 

Bouchaud, J.-P., & Pitard, E. (2001). Anomalous dynamical light scattering in soft glassy gels. The European Physical Journal E, 6, 231–236.

Bandyopadhyay, R., et. al. (2004). Evolution of Particle-Scale Dynamics in an Aging Clay Suspension. Physical Review Letters, 93(22), 228302. 



Structural Self-Similarity

60µm

20nm iron oxide particles in situ on water 
surface (optical microscopy)

20nm iron oxide particles “stamped” onto 
silicon substrate (SEM)

500nm



Irreversibility

30µm 30µm



Conclusion

Thank you!• Quasi-2D system
• Jamming transition
• Compressed 3/2 exponent
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Liquid Surface Self Assembly

Nie, Z., Petukhova, A., & Kumacheva, E. (2010). Nature nanotechnology, 5(1)

5-20nm iron oxide core

2nm oleic acid “tails”

• Van der Waals Force

• Interfacial Forces

• Magnetic Interactions

• Electric Interactions



Isotherms

60µm

60µm

“gas”

“liquid”

“solid”



Preservation of Structure



Viscoelasticity

𝑔2−𝑡𝑖𝑚𝑒 Δ𝑡1, Δ𝑡2 =
𝐼 𝑡 + Δ𝑡1 𝐼(𝑡 + Δ𝑡2) 𝑡

𝐼(𝑡) 2
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In-Plane Film Structure

Nearest Neighbor Spacing

1st 2nd 3rd 4th

Hexagonal Close 
Packed

1 3
≈1.73

2 7
≈2.65

Experiment 1 1.75 2.01 2.74
30



Timescale-Pressure Dependence

 𝜏30𝑚𝑁/𝑚 = 120𝑠

 𝜏40𝑚𝑁/𝑚 = 220𝑠



Q-Dependence of Timescale

𝑥2 =
2𝜋

𝑞

2

𝑡 = 𝜏

𝜏 =
2𝜋2

𝑞2𝐷

𝑥2 = 2𝐷𝑡𝑛

ln 𝜏 = −
2

𝑛
ln 𝑞 + 𝐶

Non-Brownian Motion



Magnetic Field Application
No External Field External Field

x x+δx

Thorek, D.L.J., et. al. (2006). Annals of Biomedical Engineering , 34(1). 
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